Felsenfeld and Watanabe's medium in 2 days. The presence of large relative numbers of E. coli had no significant effect on the cholera viable count and ~gce versa.
Endotoxin.--Shigdla flexneri 2a endotoxin was obtained from Dr. S. B. Formal, Division of Immunology, WRAIR and E. coU endotoxin preparation 36 was obtained from Dr. Howard Noyes, Division of Surgery, WRAIR. Both preparations were extracted from acetone-treated cells with trichloracetic acid and further purified by NaCl-ethanol fractionation (15) . The LD60 of the former for Bagg strain mice by the intraperitoneal route was approximately 132 3"; the latter was 290 3'. An additional sample of Shigdla fle.x'neri 2a endotoxin, prepared by pyridine extraction, was obtained from Dr. Eugene LaBrec, Division of Immunology, WRAIR.
EXPEI~r~r~NTAL

Characteristics of V. cholerae Infection in Embryonated
Eggs.--The 13-day-old embryo was selected after preliminary trials as being most suitable for subsequent experiments. At this age, the chick embryo occupies a position of intermediate susceptibility to death following allantoic inoculation with V. cholerae
Virulence of V. cholerae
Age of embryo 11 13 (Table I ). The l l-dayoold embryo is extremely susceptible and dies within 24 hours following minimal challenge. From a number of experiments, it appears that one vibrio of the tested strains is capable of infecting and killing embryos of 11 and 13 days of age within 3 days. However, the 13-day egg is considerably more resistant than the 11-day egg to death during the 1st day after challenge. The 15-day egg is markedly resistant; deaths within 3 days occur regularly only at high levels of inoculum and frequently are not in proportion to the inoculum size at lower levels. These observations are in good accord with those of Lankford and his associates (9) (10) (11) .
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Despite the difference in the outcome of the infection, there is little difference in the growth pattern of V. cholerac in the eggs of different ages (Fig. 1 ). There appears to be a slightly increased lag in 15-day eggs and the generation time (34 minutes) of the vibrios during the logarithmic phase in the 15-day egg is somewhat slower than that in the 13-day egg (24 to 27 minutes), but the maximal cell yield is comparable in eggs of all tested ages. Likewise, there is little, if any, difference in count in eggs which succumb to the infection and eggs which would be expected to survive. Thus it appears that the response or state of the host may have greater weight in determining the outcome of the infection than the bacterial population per se, although it is possible that there may be differences in the actual site of vibrio localization in the embryonated eggs. Occasionally, individual 13-day embryos survive which have received many lethal doses of vibrios. Eggs which survive usually contain large numbers FIG. 1. Growth of V. cholerae in 11-, 13-, and 15-day-old embryonated eggs (each point is the log of the mean of determinations on two embryos per time interval except points at 48 and 72 hours which are derived from one egg each).
of viable vibrios, although occasionally they appear to have disposed of the infection.
Virulence of E. coli Strains for Chick Embryo.--Initially, twenty strains of E. coli including several "enteropathogenic" serotypes were screened for virulence for the ll-day-old chick embryo. Eggs were inoculated allantoically with approximately 10 5 cells of each strain. The results (Table II) indicate that there is no correlation between the ability of a strain to cause death of the ll-day-old chick embryo and its ability to cause disease in human beings (on the basis, at least, of possessing antigenic formulae associated with enteropathogenicity).
Effect of E. coli on V. cholerae Infection in the Chick Embryo.--The embryos surviving 48 hours after challenge with the relatively avirulent E. coli strains (indicated by § in Table II) were inoculated with approximately l0 s V. cholerae (20-A-10). In each case, some embryos survived for 3 days following the cholera challenge while control eggs inoculated at the same time with V. cholerae alone were all dead by the 2nd day. Strain 9 seemed particularly effective in protecting against the cholera challenge in this preliminary trial and was selected for further study. This strain occasionally kills some chick embryos. This effect varies somewhat from experiment to experiment and is not dependent on dosage. Generally, less than 10 per cent of the inoculated eggs are killed and no attempt has been made to interpolate this factor in subsequent results. When graded doses of E. coU (strain 9) were administered to 13-day-old chick embryos immediately prior to challenge with V. cholerae, there was no evidence of protection. This was true even when the coli: cholera inoculum ratiq was as high as 104. However, a definite relationship was found between the time of administration of the preparatory E. coli inoculation (approximately 5 × 10' cells) and subsequent resistance to challenge with V. cholerae (Table III) . The data show: (a) a trend toward increasing resistance with increasing time before the cholera challenge; and (b) a significant degree of resistance when coli was administered 24 hours prior to cholera challenge. This appears to diminish with a further increase (to 48 hours) in the interval before cholera challenge.
Groups of twenty 12-day-old embryos were inoculated with approximately l0 s cells of six additional E. co/i strains of low virulence, including a streptomycin-resistant variant (9SR) of strain 9, as well as three avirulent "OR" cholera strains. The eggs which died during the first 24 hours were discarded and those remaining for each strain were divided into two groups. One group was not further treated (to serve as a control on virulence of the preparatory infection) while the other was challenged with approximately 4.6 X 104 V. cholera.e, 20-A-10.
It is evident (Table IV) that protection against cholera challenge was afforded by all the strains tested. It is likely that the degree of protection was greater than is revealed by this data since a proportion of the doubly infected eggs undoubtedly succumbed to the preparatory infection.
Magnitude of Protection Afforded by Previous E. coli Infectlon.--The
LD~o of V. cholerae strain 20-A-10 was compared in eggs infected 24 hours prior to challenge and in normal controls. The LD60 of this strain in coil-infected eggs was 4.15 >( 105 while simultaneously the 50 per cent lethal dose for normal 13-day eggs was less than 2.5 organisms. Thus the magnitude of the protective effect is of the order of 105 and possibly greater since a proportion of the eggs infected with both organisms died of the coli infection.
Growth of V. ckolerae in E. coil-Infected Eggs.-
Differential viable counts were performed at intervals on three groups of 13-day eggs inoculated as follows:
1. V. cho/erae, 20-A-10.
V. cholerae in eggs infected 24 hours previously with E. coli.
The results, plotted in Fig. 2 , which are based on two eggs harvested from each group at the indicated intervals, disclose that growth of the vibrios (in eggs previously infected with E. coli) is suppressed for a period of about 18 hours. The count then rose until, at 48 hours, it was equal to (or somewhat greater than) that in control eggs which all succumbed to the infection before 48 hours had elapsed. The E. coli count had reached a level of about 10S/ml. before the cholera inoculum was added and remained relatively constant thereafter in both singly infected eggs and the eggs superinfected with cholera and, for this reason, is not indicated in Fig. 2 . These results indicate that the protective effect of E. coli infection is associated with a temporary suppression of the cholera infection. 
Failure of V. cholerae to Develop
Resistance to the Protective Mechanism of the Embryo.--Cholera strains were isolated from eggs which died following the combined infection of the previous experiment. Their virulence was compared in coli-infected and control eggs with that of cholera strains isolated previously from singly infected eggs. These experiments showed that the secondary rise in cholera count (Fig. 2) was not attributable to the selection and emergence of a resistant population since in each case the protective effect of the E. coli infection was still manifested.
Bacterial Antagonism.--
Thirty-four strains of E. toll, including strain 9 and a streptomydn-resistant variant derived from it, were tested by the technique of Fredericq (16) for their ability to produce factors in vilro which would inhibit the growth of V. cholerae, 20-A-10. The strains were "spot inoculated" on MEA plates which were incubated for 24, 48, and 72 hours. The plates were than exposed to chloroform vapor for 1 hour to kill the bacteria. After further incubation (2 hours) to dispel absorbed chloroform, a layer of MEA seeded with V. cholerae was added to each plate. and 24 hours after they had received 1.0 "y of E. coli endotoxin. This dose of vibrios again caused 100 per cent mortality of control eggs (Table V) . Marked protection was obtained when endotoxin was administered 12 hours prior to challenge and this time appeared to be optimum. It was of interest to determine whether cells of a Gram-posltive species could elicit a similar protective response. There was no evidence of protection in eggs which received preparatory injections of a staphylococcus vaccine (heat-killed cells of a serological Type I strain, 8530, which was obtained from Dr. Betty Hobbs, Colindale, England) at two dosage levels 24 hours prior to challenge.
Effect of Embryonic Age on Endotoxin
Response.--Groups of 8-and 10-day-old embryos given 2 3' of coli endotoxin (No. 36) were challenged the next day with graded doses of cholera vibrios which were simultaneously inoculated into parallel groups of control eggs of equal age. The results depicted in Fig. 4 indicate that the 8-day-old embryo is capable of a response to endotoxin which delays but does not prevent the lethal outcome of subsequent cholera infection. Endotoxin-treated 10-day-old embryos reacted similarly. 
DISCUSSION
This investigation has shown that prior infection with E. coli has a marked effect on subsequent cholera infection of the chick embryo. In the course of establishing this information, a number of points have been revealed which merit further consideration.
The development of resistance to fatal cholera infection with increasing age of the embryo poses an interesting problem which is presently being investigated. A number of anatomical, physiological, and metabolic changes are occurring (19, 20) which may be related to the resistance or reduced susceptibility of the 15-day embryo. Smith and Thomas (21) demonstrated that the age of the embryo has an effect on its sensitivity to endotoxin. They found that sensitivity to endotoxins from several sources was maximal in the 10-day-old embryo, while younger or older embryos showed a lesser or no response. However, endotoxin does not appear to be the primary cause of death in the cholera infection described here, since (a) chick embryos challenged with cholera on the 13th day die during the ensuing 3-day period while their resistance to endotoxin is becoming maximal; (b) while Smith and Thomas found that cortisone would protect the chick embryo against endotoxin, cortisone accelerates the death of 13-day-old embryos challenged with V. cholerae (22) ; and (c) large doses of killed vibrios (11, 22) , and culture filtrates (22) fail to kill 13-day-old chick embryos. An indirect role of cholera endotoxin is indicated, however, by the avirulence of serologically rough cholera vibrios. It appears likely that the ability to kill a chick embryo is an attribute of the living smooth cholera vibrio and its products. Since the resistance of the 15-day embryo is apparently not antibacterial (Fig. 1) , one may infer that it is founded on lack of sensitivity to products of the growing vibrios. In this regard, it is attractive to consider that the younger-than-15-day-old embryo is in a "sensitive period of development" (23) with respect to cholera infection. For example, the data of Romanoff and Bauernfeind (24) indicate that chick embryos from riboflavin-deficient hens exhibit three defined peaks of mortality, during which the vital processes of the developing embryo are apparently most sensitive to the insult of riboflavin deficiency. By analogy, it is conceivable that the processes of the younger embryo are sensitive to the insult of cholera infection, while the older embryo is relatively unaffected. On this basis, one should search for metabolic differences between the 13-day-and 15-day-old embryos. It is also possible, however, that the 15-day embryo has developed a "detoxification" mechanism. The observation of Green and Lorincz (25) that "r-globulin containing natural antibody (to mouse tumor cells) appears in significant concentration in the embryonic circulation about the 17th day does not seem to be related to the present problem since there is no agglutinin detectable in the serum of hatched chicks (22) and neither complement nor properdin could be detected in a single pool of serum of 16-day-old embryos (26) .
The original premise that E. coli might alter the course of V. cholerae infection in the chick embryo by a direct mechanism of microbial antagonism was not substantiated in this study. The absence of detectable antagonistic factors in in ~itro tests and the necessity for a preliminary incubation period, even when overwhelming numbers of coli were administered, indicated rather that the protective effect was mediated by the host. This was further substantiated by the observations that heat-killed coli calls and endotoxin in a calculable quantitatively simihr fashion elicited the same protective response. It is uncertain what bearing these observations may have on the systems described by Freter (4) . It has been well established (27, 28) , however, that small amounts of microbial endotoxins have profound effects on the susceptibility of experimental animals to bacterial infections. The present study reveals that the chick embryo has the capacity to respond to small doses of endotoxin with a phase of enhanced resistance similar to that reported for mature animals. This may actually have been the basis for the experimental observation of Barnes and Stacy (29) that chick embryos showed increased resistance to Shigella./lexneri 3 infection following administration of homologous vaccines. Unfortunately, the latter workers did not fully explore the nature of this response.
The protective effect of E. coli or endotoxin appears to be due, at least in part, to the induction of a phase characterized by vibriostasis. Whether this is due to inhibition of growth or an enhanced clearance is still under study. In the case of the 13-day-old embryo, the vibrios eventually do emerge and develop to essentially the same number as in control eggs, but the embryos survive. The prolonged lag may serve to allow the embryo to pass into the stage of increased resistance associated with increasing age, although it is possible that additional detoxification mechanisms are evoked. It is of interest in this regard that the response of the 8-and 10-day-old embryo is limited to an increase in survival time.
The ability of many strains of E. coli to kill chick embryos was an ancillary finding which was not surprising since the organism is capable of causing fatal infections in animals and man under unusual conditions. It is unfortunate that the chick embryo apparently does not discriminate between enteropathogenic strains and other varieties. However, such features as the pathology of the infection, possible differences in LDs0 of virulent strains, and comparisons of properties of embryo-virulent and avirulent strains do merit more detailed investigation.
This investigation emphasizes the opportunities still offered by the embryonated egg as a tool for the study of infectious processes, the host-parasite relationship and the mechanisms of natural resistance.
SUMMARY
It has been confirmed that 11-and 13-day-old chick embryos are susceptible to lethal infection with minute inocula of V. cholerae, while 15-day-old embryos are relatively resistant.
Twenty strains of E. coli were found to vary in their capacity to kill chick embryos, without relationship to their human enteropathogenicity. Prior infection of 13-day-old embryonated eggs with E. coli strains selected for low embryo virulence had a marked protective effect against superinfection with V. cholerae.
This effect was duplicated by pretreatment of embryos with killed E. coli cells or endotoxin preparations but not with a suspension of killed cells of a Gram-positive species. Preparatory E. coli infection induces a phase of vibriostasis in the 13-day-old egg which may be sufficient to tide the embryo over into the phase of relative insusceptibility associated with age. Younger embryos exhibit only a lag in death under similar conditions.
The chick embryo is presented as a potentially valuable tool for the study of combined infections and of the mechanisms of natural resistance.
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